Abstract: This paper shows how interbank market fragmentation disrupts monetary policy implementation. Fragmentation is defined as the situation where some banks are cut from the interbank loan market. The paper introduces fragmentation into an otherwise standard theoretical model of monetary policy implementation, where profit maximizing banks, subject to reserve requirements, borrow and deposit funds at the central bank. In the presence of fragmentation, excess liquidity arises endogenously and the interbank rate declines below the central bank main rate. The interbank rate is then unstable. Using data on cross-border financial flows and monetary policy operations, this paper shows that this mechanism has been at work in the euro area Mise en oeuvre la de politique monétaire dans une union monétaire fragmentée Résumé : Cet article montre comment la fragmentation du marché interbancaire -définie comme une situation où certaines banques sont exclues du marché des prêts interbancaires -perturbe la mise en oeuvre de la politique monétaire. La fragmentation est introduite dans un modèle standard de mise en oeuvre de la politique monétaire, où des banques qui maximisent leurs profits sous contrainte de réserves obligatoires, empruntent et déposent des fonds à la banque centrale. En présence de fragmentation, la liquidité excédentaire apparaît de manière endogène et le taux interbancaire décline sous le taux principal de la banque centrale. Le taux interbancaire devient donc instable. L'article documente que ce mécanisme est à l'oeuvre dans la zone euro depuis 2008 en utilisant des données sur les flux financiers transfrontaliers et les opérations de politique monétaire. Le modèle est également adapté à l'analyse de mesures conventionnelles et nonconventionnelles de politique monétaires en zone euro et dans d'autres pays.
Introduction
Since 2008, the liquidity provided by central banks in many countries has increased dramatically, but for different reasons. In the United-States, the increase of liquidity, in the form of bank reserves at the central bank (also called central bank money), follows from assets purchases by the Fed. By contrast, in the Euro-Area, during most of the crisis, the amount of loans demanded by banks to the Eurosystem has driven the changes in the amount of liquidity. 1 This difference is visible from the balance sheets of central banks, as shown on Figure 1 The fluctuations of liquidity in the Euro-Area have directly impacted the short term interbank rate and caused it to move also in a seemingly unpredictable manner. Figure 3 shows the evolution of the interbank rate with respect to the "corridor". 2 Contrary to the pre-crisis period where the interbank rate was tracking closely the central bank main interest rate, since 2008 it has deviated substantially from it. The interbank rate being a key transmission channel of central banks's decisions, such fluctuations represent a significant disruption of monetary policy implementation. These fluctuations have impacted the rest of the yield curve (Figure 6 in appendix) and probably the real economy. The goal of this paper is to explain the joint dynamics of liquidity and the interbank rate in the Euro-Area since October 2008. It shows that in order to understand such dynamics, it is crucial to take into account the fragmentation of the Euro-Area banking system. Therefore, the paper introduces fragmentation into an otherwise standard model of monetary policy implementation. 3 Fragmentation is defined as the situation where some banks ("peripheral" banks) are cut from the interbank market where the other banks ("core" banks) transact.
In the model, peripheral banks are cut from the interbank market because it is perceived risky to lend to them. This higher risk is due to: the strained fiscal situation of the government, the risk of exiting the monetary union or the adverse macroeconomic situation of the countries of origin of these banks. It is assumed that fragmentation arises when peripheral banks are in a net debtor position toward core banks, reflecting macroeconomic imbalances and in particular the net liability position of peripheral countries toward core countries. When peripheral banks lose access to the interbank market, they have no other choice but to borrow from the central bank to repay the loans from core banks, which are not rolled over. This is equivalent to a deposit flight. Hence, in times of fragmentation, peripheral banks will have to borrow more than in normal times from the central bank. Core banks will not borrow at all from the central bank and will have a surplus of liquidity. The model predicts that on aggregate, there will be more liquidity than in normal times because the increase in the demand for liquidity from peripheral banks is not matched by a decrease from core banks, as they do not borrow anything.
Hence, excess liquidity arises endogenously in the model. Due to this surplus, the interbank rate (which reflects only the price of transactions between core banks) is lower than the central bank main rate. In fine, the amount of liquidity and the interbank interest rate will fluctuate according to the size of the deposit flight, which is out of the control of the central bank.
This explains the rise in excess liquidity, the decline in the interbank rate and the so-called "TARGET2 imbalances" observed in the Euro-Area since 2008.
The model shows that the explanation according to which banks in the Euro-Area are willing to accumulate precautionary reserves at the central bank can account for the increase in the amount of liquidity borrowed from the central bank but it cannot replicate the decrease in the interbank rate. 4 Ceteris paribus, an increase in demand cannot generate a fall in prices.
Empirical evidence provided in this paper strongly supports the theoretical mechanism.
Using data on cross-border financial flows and central bank liquidity, the econometric analysis shows that, indeed, the deposit flight (a by-product of fragmentation) has driven liquidity movements since 2008. Then, it is shown that equilibrium conditions derived in the theoretical section, combined with data on central bank liquidity, are able to match closely the observed movements in the interbank rate.
The paper derives several policy implications. First, by providing large amounts of liquidity at favorable conditions from the start of the crisis, the Eurosystem avoided further divergence in financing conditions across the Euro-Area. However, by doing so it has also hampered the functioning of the interbank market. The full recovery of the interbank market and the reduction of TARGET2 imbalances therefore will require the Eurosystem to provide liquidity under stricter conditions. Second, there are ways to stabilize the interbank rate even when the banking system is fragmented. The central bank can purchase a large amount of assets to increase the reserves of core banks, pushing down the interbank rate and anchoring it at the deposit facility rate. An alternative solution to stabilize the interbank rate would be to absorb excess liquidity. The model shows that in case of fragmentation, contrary to normal times, the central bank can withdraw liquidity from the banking system, even if banks can borrow as much as they wish from the central bank.
The rest of the paper is organized as follows. Section 2 presents the theoretical model. Section 3 discusses policy implications. Section 4 presents empirical evidence and section 5 concludes.
The model
This section develops the theoretical model that allows to understand fluctuations of liquidity and interbank rates.
First, a traditional model of monetary policy implementation is adapted to the Euro-Area.
It is shown that this type of models is a useful workhorse but cannot explain why there has been an increase of liquidity or a decline of the interbank rate. Second, it is shown that traditional explanations for the increase of liquidity such as liquidity hoarding by banks, liquidity regulation or the so called "fixed-rate full allotment" cannot replicate the decline of the interbank rate.
The main theoretical contribution of the paper lies in the third subsection where fragmentation is introduced and shown to explain convincingly fluctuations of liquidity and of the interbank rate.
Monetary policy implementation in a well integrated banking system
The model draws from Bech and Keister (2013) which is in the tradition of models of Poole (1968) . These models show how banks subject to minimum reserve requirements maximize their expected profits by choosing the amount of interbank loans they make, depending on how much liquidity is created by the central bank. Contrary to most models of monetary policy implementation where the central bank injects liquidity by buying assets from banks (as done in the US), the model presented below features a central bank that makes loans to banks (as done in the Euro-Area).
The timing of the model is the following: first, the central bank conducts its refinancing operation, by which it injects liquidity (bank reserves) in the banking system. Second, the trading session for interbank loans occurs. Third, once the interbank market is closed, banks experience a "late" deposit shock. Fourth, banks go to the central bank standing facilities. These standing facilities are either the marginal lending facility (the US equivalent is the "Discount Window") at which the banks can borrow overnight unlimited amount of funds at a penalty rate, or the deposit facility at which banks can deposit funds on an interest bearing account. 5 Indeed, in the Euro-Area, standing facilities are made accessible only when the payment system closes and all interbank transactions have been processed (at 18:30) . Since, an interbank loan takes some time to be set up, no interbank loans are initiated after 17:00. Any unexpected payment arising between 17:00 and 18:30 can only be compensated by going to the Eurosystem standing facilities (see Bindseil et al. (2004) The game is now solved backward, period per period.
Recourse to central bank standing facilities
The central bank marginal lending facility refers to a facility that is accessible after the interbank session is closed to borrow overnight without limit from the central bank. During this phase the central bank is passive and the banks take the decision to access or not the facility depending on its needs. The funds borrowed at the standing facility are meant to address liquidity shocks and cannot be lent to other banks. The funds are credited to the account of the bank that access the facility after the interbank session and taken out before the next session starts.
In this model, the central bank imposes minimum reserve requirements to its banks, as is the case for instance in the Euro-Area, in the US and in over 90% of central banks in the world (Gray (2011) ). These reserves requirements take the form of the following constrain for bank "i":
where K i is set by the central bank and corresponds to the amount of liquidity that bank "i" must 5 Banks borrowing from the central bank have to provide adequate collateral against the funds, at least in the case of major central banks (Cheun et al. (2009) ). In the present paper, it is assumed that banks always have sufficient collateral to accommodate their borrowing needs. keep on its current account at the central bank. 6 R i is the amount of reserves held by bank "i" at the central bank at the end of period I (so it excludes borrowing from the central bank standing facility, interbank borrowings or any deposit shock). B i are interbank borrowings (negative values are interbank loans). i is a deposit shock of the bank. X i are overnight borrowing from the central bank' standing facility. This facility is automatically activated by the central bank, whenever (1) is not respected. Therefore:
It means that banks have to go to the central bank in case a reserve deficiency appears after the interbank market has closed (when they cannot change B i ).
Funds deposited at the central bank to meet minimum reserve requirements are not remunerated, while funds deposited at the central bank in excess of reserve requirements (so called "excess reserves") are remunerated at r r . 7 r r is the interest on excess reserves, also called the deposit facility rate.
Deposit shock
i is some random deposit shock that occurs after the interbank market has closed ( i > 0 is an unexpected net withdrawal of funds from bank "i" and i < 0 an unexpected net inflow of funds). These shocks on the liquidity positions of banks can push them to use the central bank standing facilities, to avoid a minimum reserves deficiency. By an abuse of notation i denotes both the random variable and its realization. g(.) is the density function of the random variable.
i 's are independently distributed across banks and E( i ) = 0. Further, G(.), the cumulative distribution function of i is symmetric around 0 (G(E( i )) = G(0) = 0.5). 8
6 Reserve requirements are usually set by the central bank to stabilize the demand of liquidity from banks and by the same token market rates (see Ennis and Keister (2008) ). To do so central banks allow commercial banks to average the fulfillment of reserve requirements over some period. In this model, K i is interpreted as the reserve requirements over this period i.e. the bank within the game has to meet (1) at all time, not on average. The same interpretation is made in Bech and Keister (2013) . 7 In reality, central banks tend to remunerate minimum reserves (Gray (2011) ). It does not change anything in this model to assume that minimum reserves are remunerated or not as long as one assumes a large financial penalty in case of non-compliance with minimum reserve requirements. To see when this has an impact see Whitesell (2006) . 8 Economically, these shocks can be interpreted as all liquidity shocks that hit banks and that cannot be mitigated by borrowing/lending on the interbank market. Depositors withdrawing more/less from cash machines than expected produce the same kind of shocks, as the cash withdrawn from one bank does not go back immediately to the banking system. The fact that G(E( i )) = G(0) = 0.5 just means that the forecast of banks regarding this type of liquidity needs is unbiased. In practice, forecasts of total cash to be withdrawn are published by the Eurosystem every week. This forecast is unbiased (Gonzalez-Paramo (2007) ).
ˆ i is defined such that for given R i , B i and K i : i >ˆ i ⇒ X i > 0.ˆ i is a threshold, which defines the amount of deposit withdrawals above which bank "i" has to borrow from the central bank standing facility (X i > 0). Therefore: It follows that by identity:
The interbank market
The profit function of bank "i" writes:
Reserves held at the end of the day (end of period IV) in excess of minimum reserves (excess reserves) yield r r while minimum reserves yield some rate that is assumed to be zero to avoid cumbersome notations. Deposits (D) and the overnight central bank borrowings (X) cost to the bank interests r D and r X to the bank respectively. r M is the interest paid on money borrowed from the central bank refinancing operation (M i ).
This profit function is very general. One could easily add additional items such as loans to non-financial corporations and households. Taking into account that recipients of a bank loans deposit the funds with a bank or convert them into currency (which is modeled here), means that adding bank loans does not add anything to the model at this point (see appendix II). One can modify the profit function to adapt it to the different central bank framework.
For instance, in the US, M = 0 and monetary policy is implemented mainly through outright operations or temporary changes in the stock of assets held by the central bank (change in O).
In the Eurosystem, M > 0.
Rearranging, substituting (2) into (5) and taking expectations yields:
is the density function of i (it is the same for all i 's) andˆ i is the threshold above which a deposit shock is large enough to force the bank to borrow from the central bank standing facility. Therefore:
Bank "i" chooses B i to maximize its profit. If G(.) is the strictly increasing cumulative distribution function of i 's, it means that:
Banks will price their loans to other banks such that the revenue they receive from the transaction is equal to the expected value of not lending one more unit of fund. This expected value is equal to the probability of being long in cash G(ˆ i ) times the remuneration of excess reserves (r r ) plus the probability of being short in cash 1 − G(ˆ i ) times the cost of borrowing from the central bank facility (r X ).
Aggregating over the mass 1 of banks, it must be the case that:
Combining (3), (10) and (9) yields:
A starred variable denotes the market equilibrium level of this variable. R ≡ K i di is the aggregate reserve requirements of the banking system. R − K is the amount of reserves in excess of minimum reserve requirements, also called the "excess liquidity". (11) shows that the level of excess liquidity directly impacts the level of the interbank rate. The higher (resp. lower) the level of excess liquidity the closer the interbank rate from the deposit (resp. marginal lending) facility rate.
Central bank refinancing operation
If the central bank controls R, (11) shows that it can steer the interest rate in the interbank market toward a target (r M ) using the rates on the deposit and the marginal lending facility, the reserve requirements and the total quantity of reserves in the banking system.
One can invert (11) to find:
A variable with superscript "cb" denotes the level of this variable that allows the central bank to reach its target (r M ) for the interbank rate, also called the operational target of the central bank. 9 r M can be anywhere between the interest rates of the two standing facilities. For ease of presentation, it is assumed that it is at equal distance of the two rates, also called the middle of the "corridor". It does not change anything for the problem studied here that the target is closer from one facility rate, a situation referred as asymmetric corridor, studied in appendix III. Thus:
Equation (12) can be rewritten:
Since G(0) = 0.5, it follows that:
9 It is assumed that the central bank uses R rather than K for its monetary policy. In reality, some central banks especially in emerging countries use the level of minimum reserves K (Glocker and Towbin (2012) ). Some developed countries exceptionally use reserve requirements to change the level of excess liquidity in the system but these are extremely rare changes, while R moves on a day-to-day basis. The Eurosystem lowered the level of reserves requirements in February 2012 (ECB (2011)).
Using (4) above, yields:
The central bank lends just enough liquidity for banks to be able to satisfy reserve requirements and the demand for currency in circulation, minus how much was already injected via outright purchase of assets. If:
it means that banks structurally need to borrow from the central bank in order to fulfill their reserve requirements. The Eurosystem does set minimum reserve requirements to make sure that banks need to borrow (ECB (2013a)). Therefore, in what follows it will be assumed that equation (17) holds.
It is crucial to note that this refinancing operation is a borrowing operation exclusively. This
This type of model was/is used by many central banks to implement their monetary policy.
The framework is rather general and can be used for any central bank that targets the interbank interest rate. Before the crisis, major central banks such as the Eurosystem, the Fed, the Bank of Japan, the Bank of England, the Bank of Canada, the Reserve Bank of Australia and the Swiss National Bank were all targeting interbank rates (Borio and Nelson (2008) and Blenck et al. (2001) ).
This model is a useful benchmark but a significant shortcoming is that it cannot explain excess reserves nor deviations of the interbank rate from the central bank main interest rate in the Euro-Area. The remainder of this theoretical section addresses this shortcoming.
Conventional explanations of the increase in liquidity in the EuroArea
This subsection discusses several conventional explanations for the large excess liquidity observed in the Euro-Area during the last six years. It shows that none of them can account for the simultaneous decrease of the interbank rate (given that the central bank has not increased unilaterally the supply of liquidity as in the US). Proposition 1: Under fixed-rate full allotment, in a perfectly integrated banking system, it must be the case that the interbank rate is equal to the policy rate (r B = r M ).
Proof : Note that it must be the case that: 10
Assume that the expected interbank rate before the refinancing operation is conducted is strictly greater than the main central bank interest rate (E[r B ] > r M ). Then, all banks borrow an infinite amount at the refinancing operation in order to lend it in the interbank market R → +∞. Using condition (11), this would mean that r B = r r < r M ⇒ r B E[r B ], this would not be an equilib-
< r M , then no bank borrows at the refinancing operation (M = 0) and given equation (17), there is not enough liquidity to fulfill reserve requirements. Then, banks need to go to the marginal lending facility and pay rate r X > r M . This means banks would be willing to transact at a rate somewhere between r M and r X . This means r B > r M , which again is not an equilibrium. Therefore, for expectations to be consistent for any value of the parameters, it must be the case that E[r B ] = r M . Bindseil (2014) obtains the same result in a different model.
In other words, 10 If r M ≥ r X banks would go to the overnight facility rather than the main operation to fulfill their reserve requirements. If r M ≤ r X they would borrow an infinite amount of reserves at the main rate and place the proceed at the central bank deposit facility. Therefore, for the main refinancing operation of the central bank to be used in finite amount it must be the case that: r X > r M > r r . in a perfectly integrated banking system, the fixed-rate full allotment should result in the same quantity of liquidity and the same interbank rate as in the case where the central bank restricts the quantity of liquidity. 11
The impact of precautionary demand for liquidity and liquidity regulation
If banks want to hold a liquidity buffer for precautionary motive (ECB (2014)) or if they use liquidity to fulfill liquidity regulation (ECB (2013b)), in this model this would translate into:
where A i ≥ 0 is a reduced form way of capturing the fact that some banks anticipate that they will have to go to the marginal lending facility after a lower deposit shock than before because they might not be able to borrow in the interbank market as much as before. This is also true if banks ask for more liquidity because they legally have to hold cash on top of minimum reserve requirements or because they wish to appear cash-rich for the end-of-year reporting (see section 4). This has the same effect on banks' demand for liquidity as increasing minimum reserve requirements and would consequently increase the take up of banks at the central bank main refinancing operation, as shown on diagram 2 below. In a fixed-rate full allotment regime, liquidity would be higher (by A ≡ 1 0
A i di which would be the excess of liquidity) but the interbank rate should not change. Banks ask more to the cen-tral bank but are not trading this liquidity at a lower rate than they borrowed it. If the central bank allots the same quantity of liquidity (M cb ) as in normal times, it would push the interbank rate higher. 12 The shape of the curves stems from the cumulative distribution function of a normal distribution.
Proposition 2: In a fixed-rate full allotment regime, ceteris paribus, if banks increase their demand for central bank financing for some precautionary motive or to fulfill a legal obligation, excess liquidity appears and the interbank rate remains at the central bank main rate.
To sum up: neither the fixed-rate full allotment nor liquidity hoarding behavior by banks can explain the large increase in liquidity while the interbank rate was declining 13 . As shown now, fragmentation can. It does not necessarily mean that fixed-rate full allotment and liquidity hoarding by banks have played no-role in increasing liquidity on top of the increase due to fragmentation. It just mean that they have played no role in the decrease of the interbank rate.
Fragmented banking system
This subsection incorporates fragmentation in the model. Fragmentation is the fact that liquidity does not flow from one part of the monetary union to the other.
The origin of fragmentation is that some banks in the monetary union are considered risky (peripheral banks) while others are considered safe (core banks). To which group a given bank belongs depends on the country of origin of the bank and is observable. This difference in perceived credit risk, is related to possible losses made by peripheral banks, resulting from devaluation of their assets following for instance: tensions in the local sovereign debt market, increase in non-performing loans after a construction bubble or a large recession or expectations that the country will exit the monetary union and that deposits will be converted in a new currency. Since banking supervision is not yet completely harmonized in the Euro-Area, some national banking systems are necessarily more risky than others. Moreover, as long as banks benefit from the implicit or explicit guarantee of their home state, the difference in the credit risk of sovereigns translates into a difference in the credit risks of banks. The completion of the banking union in the Euro-Area should contribute to decreases fragmentation.
This risk directly causes fragmentation as described now. A bank lending to a peripheral bank can expect to recover (1 +r B )ρ, where ρ ≤ 1 is the expected recovery rate on one Euro lent (it is equal to 1 when the loan is considered risk-free), andr B is the interest rate charged to risky banks. Since leaving money parked at the central bank is risk-less, it must be the case that: (1 +r B )ρ > (1 + r r ). The rate charged on an interbank loan cannot be higher than the marginal lending facility rate of the central bank as no bank would be willing to borrow above it. It follows that: r X ≥r B . These two conditions can be verified only when:
If ρ is small (high probability of default) compared to the size of the corridor, there exists no interest rate (r B ) such that a loan to a risky bank is possible. This means that for a given expected loss on a loan to another bank, too thin of a corridor (high values of 1+r r 1+r X ) can push risky banks out of the interbank market. This formalizes the argument according to which a narrow corridor is harmful to interbank market activity. In the case of the Euro-Area, This illustrates that even the slightest doubt over the ability of a bank to reimburse a loan can cut it off completely from the interbank market. In what follows, it is assumed that this condition is not respected for peripheral banks i.e. these banks will not be able to borrow from core banks and will instead have to borrow from the central bank. 14,15 In short, fragmentation is the fact that liquidity is not circulating within the monetary union, because peripheral banks borrow only from the central bank.
A direct consequence of fragmentation is a deposit flight from the periphery to the core. It is represented in the model by an amount "F" of liquidity that is transferred from peripheral banks to core banks. This transfer of liquidity stems from the following chain of events. In a well integrated monetary union, current account imbalances can build up. Deficit countries 14 The mechanism would still work if core banks just refused to lend to peripheral banks for other reasons that risk or if peripheral banks could only borrow up to a maximum amount to core banks. 15 A question that naturally arises is why does the central bank lends at a lower rate than the private market would? There are several reasons for that. First, it might be the case that the central bank considers it is in a better position than the market assess credit risk. Second, the central bank has a superior recovery technology as it is senior to all other creditors by law. Third, the central bank being risk-free, it is able to set high haircut on the assets it accepts as collateral against its loans. This is not necessarily possible between private agents. For instance, if bank A borrows 10 euros from bank B against collateral with 90% haircuts meaning it has to post 100 of collateral, then bank A is exposed to the credit risk of bank B and to the risk of not being able to recover all the collateral posted (see Bindseil (2014) ). buy goods and services to surplus countries thanks to loans granted by surplus countries. Such loans can take the form of interbank market loans or the purchase by surplus countries banks of securities in deficit countries. Therefore, money is sent by deficit countries to surplus countries in exchange of goods. Money goes back from surplus countries to deficit countries in exchange of a liability of the deficit country, clearing the balance of payments.
If a well integrated monetary union becomes suddenly fragmented, deficit countries will not be able to roll-over their loans from core banks. It means that once the loans arrive at maturity, peripheral banks have to pay them off, i.e. they have to send an amount of liquidity F to core banks. The only way for the loans to be paid-off in the absence of other source of financing would be for deficit countries to manage a current account surplus (by macroeconomic identity). As this is not possible overnight, the banks will need to obtain the liquidity to repay core banks in some other way. Deficit (or peripheral) banks borrow from the central bank to repay surplus (or core) banks. The fact that the interbank market became inaccessible for peripheral banks at a time when they had a large net liability toward core banks is empirically supported by the analysis of the international investment positions of these countries, as shown in appendix IV. 16 Therefore, the perceived default risk on peripheral banks and F are two sides of the same coin. The level of F is exogenous in the model as it is largely pre-determined by past capital inflows into peripheral countries.
There is a mass one of each type of banks and the timing of the model is exactly the same as above.
Recourse to central bank standing facilities
As before banks will use the central bank marginal lending facility to cover reserve deficiency and the deposit facility to stock their excess reserves. (2) still holds in the two countries.
Further, Z i,y is a variable that applies to bank i ∈ [0; 1] in country y = {C, P}. With 1 0 Z i,y di = Z y and Z C + Z P = Z. Then:
16 The paper focuses on the interbank market to motivate the existence of F as empirical evidence suggests that this is through this market that the deposit flight occurred in the Euro-Area (appendix IV). Of course, a household (or any non-bank agent) that withdraws the money deposited in an Italian bank to put it in a Dutch bank, would also be counted in F as it would impact the liquidity position of the Dutch and the Italian banking system.
Now, only core banks can access the interbank market.
Deposit shocks
The model that follows describes a situation where banks are not homogenous. As above, banks in the core are subject to shocks i,C 's. Fragmentation manifests itself before the start of the model as peripheral banks experience a deposit flight F. F unit of funds are shifted from peripheral banks to core banks. 17 At the bank level, bank "i" in the core receives F i,C amount of funds and bank "i" in the periphery, loses F i,P units of funds.
There are two different expected profit functions:
The difference between the two profit functions, reflects the difference in period II and the fact that core banks experience inflows and peripheral banks outflows on their deposits D i,y .
Interbank market rate
The interbank rate prevailing (recalling only core banks are on the interbank market) is still denoted r B .
Following the same maximization and aggregation steps as above, the interbank rates in the core is:
17 Peripheral banks use funds from the central bank and their existing reserves to meet F. Alternatively, one could assume that banks sell their assets. This case is not considered as what matters is the aggregate liquidity in the periphery and in the core. If one assumes that core banks (or depositors of core banks) are not willing to purchases peripheral assets, then a peripheral bank would need to sell her assets to another peripheral bank or to the central bank. Selling to the former would not change the aggregate quantity of liquidity in the periphery while selling to the central bank might not be possible if the central bank is unwilling to buy as much assets as F.
It would not be possible to have a rate that is strictly higher in the core than in the periphery because otherwise it would be profitable to borrow in the periphery and lend in the core. This asymmetry comes from the fact that fragmentation is itself asymmetric: it is not possible for peripheral banks to borrow from the core but it is possible for core banks to borrow from the periphery. Therefore, it must be the case that r B ≤ r M . When r B = r M things work as in the previous subsection, except that peripheral banks borrow more from their central bank (F units of funds more) and core banks less (F unit of funds less). The focus is on the more interesting case where r B < r M .
Using (25), for r B < r M , it must be the case that:
To determine when this is respected, one needs to solve for R C .
Central bank main refinancing operations
When E(r B ) < r M , core banks prefer borrowing on the interbank market than from the central bank. Therefore, M C = 0. This means that R C = O C − C C . Using (26) one can see that it needs to be the case that:
Therefore:
It means that if the shift of deposits to the core is larger than core banks liquidity needs (reserve requirements plus demand for currency from the public net of central bank outright purchases), core banks will have no interest in going to the central bank. Core banks are actually saturated with liquidity. Additional liquidity inflows cannot be compensated by borrowing less at the refinancing operation (see diagram 3 in appendix). This triggers an excess of liquidity in the core that exerts a downward pressure on rates.
Proposition 3: In a fixed-rate full allotment regime, if the deposit flight is sufficiently large (F large), the interbank rate in the core will be strictly lower than the rate of the main refinancing operation (r B < r M ).
Therefore, in a fixed-rate full allotment regime:
For high level of F equation (25) becomes:
This equation shows that the interbank rate depends negatively on the level of the deposit flight.
Using equation (4), (29) and (30), for high level of F:
This contrasts with equation (15), where the equilibrium amount of reserves in the banking system was always equal to reserve requirements. Now, it increases with the size of the deposit flight (F), outright purchases (O C ) and decreases with the level of currency in circulation (C C ) in the core. The interbank rate declines accordingly when reserves increase and vice versa.
When F is large, core banks are saturated with liquidity and cannot compensate movements in currency or central bank purchases by asking more or less liquidity to the central bank (they always borrow zero). Peripheral banks borrow just enough to satisfy their reserve requirements. Peripheral banks finance themselves at the central bank main rate, strictly higher than the interbank rate, at which core banks can borrow.
Policy Implications
Several policy implications can be derived from the model.
First, whether there is fragmentation or not depends to some extent on the central bank.
More precisely, it depends on this condition:
If ρ is small (high probability of default) compared to the size of the corridor, then peripheral banks rather borrow from the central bank than from the interbank market and the mechanics described in subsection 2.3 applies. The central bank has an impact on whether there is fragmentation or not since it sets the size of the corridor. A larger corridor (small Recall that restricting the quantity of liquidity would be useless for this purpose. Whatever the quantity allotted, most of it would be taken by peripheral banks in order to cover the liquidity flight to core banks. For low levels of fragmentation, what is not borrowed at the central bank by core banks is borrowed by peripheral banks and the rate remains at the targeted level.
18 The fixed-rate full allotment implies that peripheral banks would choose to go the central bank when the interest rate they face on the interbank market is higher than the main rate (r M ) instead of the marginal lending facility rate (r X ). Therefore, the fixed-rate full allotment acts on interbank market activity just as a thinner corridor would.
Past a certain threshold, core banks would ask zero to the central bank and would still have too much liquidity from the deposit flight. Interbank rate would decline accordingly. Peripheral banks, depending on which quantity is allotted would need to top-up what they take at the main refinancing operation with borrowings from the marginal lending facility. It is an interesting insight of the model that even without the fixed-rate full allotment, there can be an excess of liquidity and a volatile interbank rate.
The most obvious solution to the volatility of the interbank rate would be to equate the rates of the standing facilities (i.e. a corridor width of 0). This would suppress any kind of overnight interbank market. The central bank would then have to increase substantially the amount of loans granted to banks. It would then be crucial that banks have enough collateral to borrow from the central bank.
The central bank can decide to inject liquidity through asset purchases (increasing "O C " in equation (25)). This would lower the interbank rate to the deposit facility rate. The most relevant rate for monetary policy would then be the deposit facility rate. This is what happened in the UK and to some extent in the US during the crisis (see Bech and Klee (2011) ). A massive increase in assets purchased (or "Quantitative Easing") pushed the interbank rate to the floor. Buying assets allows to inject liquidity beyond what banks demand (Bindseil (2014) ). A practical problem is that a large, safe and liquid asset market needs to be available to the central bank.
The model helps to understand whether the asset purchase programs announced by the ECB in January 2015 will indeed manage to increase liquidity. It suggests that peripheral banks might use some of the liquidity injected to decrease their borrowings from the central bank while core banks cannot do that as they borrow zero from the central bank. The liquidity injected in the periphery will be offset by lower borrowings from peripheral banks while the liquidity injected in the core would stay in the banking system and decrease rates.
If the central bank cannot increase liquidity to anchor the interbank rate at the deposit facility rate, it could try to withdraw liquidity to anchor the interbank rare at the main rate.
How can a central bank that has committed to lend to banks as much as they wish withdraw liquidity? How in a system where the amount of liquidity provision is determined by banks on the basis of their liquidity needs, the central bank can lower the amount of liquidity? In a model with a well integrated banking sector, this would actually be impossible. Absorption operations (equivalent in liquidity terms to the central bank selling assets) would have no effect on aggregate liquidity, as banks compensate one-for-one liquidity absorbed by borrowing more to the central bank. Alternatively, in the presence of fragmentation, these operations are not neutral. This should not come as a surprise as this is economically the opposite operation to buying assets. The basic intuition is the same: core banks are unable to compensate liquidity movements from the central bank because they are overwhelmed with liquidity. There are however some differences, as explained now.
In the Euro-Area, absorption operations take the form of deposits made by banks at the central bank. 19 These deposits are adjudicated according to a sealed bid auction. Bids contain a rate and a quantity. Banks bidding at the lowest rates are chosen first until the quantity of deposits the central bank intends to collect (S ) is reached. Each selected bank receives the rates it bids for if it is selected. No bid above the main rate (r M ) are considered.
In the model, it means that these funds are deposited before the interbank market opens (contrary to the deposit facility) and then cannot be used for interbank loans. The funds are remunerated at r S ≤ r M .
Denoting the size of absorption operations also called sterilization operations by "S" (with S > 0), now it is the case that:
For low values of F, absorption operations (S) increases the amount borrowed at the refinancing operations and aggregate liquidity does not change (banks compensate). Past a certain threshold, core banks borrow zero anyway, so locally, no compensation can occur and absorption operations are successful in decreasing the amount of liquidity and increasing interbank rates.
This threshold is defined below. Using equation (31):
Since lending to another core bank or subscribing to the central bank absorption operations are two risk-less options for core banks, at equilibrium they will have the same remuneration.
Figure 9 in appendix shows that this was indeed the case when the Eurosystem was conducting 19 It is assumed that these operations take the same form as the ones conducted between May 2010 and June 2014. The absorption operations were limited in size because they aimed specifically at absorbing the liquidity injected through asset purchases made under the securities markets program (SMP). In the scheme proposed here, the size of the operations could be unlimited. liquidity absorbing operations. Between 2010 and 2014, the rate on sterilization certificates was moving closely with the interbank rate (much more closely than standing facility rates or the main rate). This stresses the importance of sterilization operations in steering the interbank rate when there is excess liquidity due to fragmentation. This means that if fragmentation is high and absorption operations not too large, core banks that do not borrow from the central bank, will be able to park their liquidity at a rate strictly below the main policy rate. 20 This is not the case of peripheral banks for whom it would not be profitable since they finance themselves by borrowing from the central bank at the main rate. 21 Therefore, money demand from peripheral bank is unchanged compared to when there is no sterilization.
Absorption operations work similarly to assets purchases. A key difference though, is that in the case of absorption operations, banks self-select: only core banks participate.
Proposition 4: When the deposit flight (F) is large enough, increasing the size of the sterilization operations, decreases excess liquidity in the core, even when banks can borrow as much as they wish from the central bank.
Testing the predictions of the model
The model replicates the main stylized facts of monetary policy in the Euro-Area: the endogenous increase in liquidity since the crisis and the simultaneous decline of the interbank rate (without the central bank intending to increase the supply of liquidity). This section shows in a systematic manner that the main predictions of the model are fulfilled. The main predictions of the model are:
Prediction 1: There is a stable relationship between excess liquidity (total liquidity minus 20 Appendix VI shows what happens when absorption operations become large. 21 The fact that only core banks participate to sterilization operations is confirmed by looking at the balance sheets of the main central banks of the Euro-Area. One can see that at the end of 2011, banks located in Germany, France, Netherlands, Belgium, Austria, Finland and Luxembourg accounted for 97% of all sterilization operations, against 2% for banks located in Spain, Italy, Greece, Ireland, Portugal and Cyprus. At the end of 2012 the picture is even more clear: 100% against 0% (see the financial statement in the annual reports 2011 and 2012 of these central banks). These two groups of countries are made according to a simple criteria: those who benefited from external support (International Monetary Fund, European Financial Stability Facility or European Stability Mechanism programs) since 2008 and the others. This allows to isolate countries that had a sovereign and/or a banking crisis and thus were likely cut-off from the Euro-area interbank market (the peripheral countries).
reserve requirements) and the interbank rate (equations (11) and (31)).
Prediction 2: Since the crisis, peripheral banks borrow more from the central bank than they keep as reserves. It is the opposite for core banks (equations (29) and (30)).
Prediction 3: Fragmentation increases excess liquidity and consequently decreases interbank rates (equations (32) and (31)).
Prediction 4: Absorption operations, in the context of fragmentation, can contribute to reduce excess liquidity and increase interbank rates, even with fixed-rate full allotment (equation 
Prediction 1: the relationship between excess liquidity and the interbank rate
This subsection shows that the simple model developed above is able to capture the relationship between the level of the interbank rate and the amount of liquidity in the banking system. Note that surprisingly, according to the theoretical model, this relationship should not have changed with the crisis. Looking at equations (11) and (31), which are equilibrium conditions taking into account the maximization process of banks with and without fragmentation, one can see that the interbank rate is a simple function of excess liquidity. Indeed, in the two cases, the interbank rate is equal to the deposit facility rate, plus the corridor times a normal cumulative distribution function that takes as input the level of excess liquidity. Excess liquidity is defined as total bank reserves minus minimum reserve requirements.
The theoretical model predicts that before the crisis, the interbank rate should respond to excess liquidity in the whole monetary union while after the crisis it should respond to excess liquidity in the core (since only core banks transact on the interbank market). However, the model also predicts that in case of fragmentation, excess liquidity should be zero in the periphery and should be positive in the core. Therefore, total excess liquidity is equal to excess liquidity in the core. The model seems indeed to capture well the relationship between liquidity and the interbank rate. The mean square error is 1.2 basis point. The EONIA deviates more from its predicted value after October 2008 (start of the crisis) compared to before (the mean square error is 1.7 basis point vs 0.5 basis point), suggesting that the relationship could have been impacted marginally. This prediction is much better than what a naive guess, that assumes the EONIA equates the main rate, delivers (mean square error of 15 basis points over the whole period and 26 basis points after the crisis). After the crisis, the EONIA is more often above its predicted value, which suggests that either banks that have access to the market incur a risk premium or that some banks are keeping some precautionary liquidity buffer that they are not ready to trade. It is also likely that during the crisis the function G(.) has changed and that its variance has increased.
This chart tells us that the simple model developed above performs well to explain the dynamics of the interbank rate, using data on excess liquidity. It also tells us that in order to 22 As proxy for the interbank rate, the EONIA is used. EONIA observations are averaged over the maintenance period. That is the period over which bank reserves are averaged to calculate minimum reserve requirements. understand the dynamics of the interbank rate, one needs to understand the dynamics of excess liquidity. TARGET2 imbalances can also be interpreted in an economic way. In a well integrated monetary union, current account imbalances can build up. Deficit countries buy goods and services to surplus countries thanks to loans granted by surplus countries. Such loans can take the form of interbank market loans or the purchase by surplus countries banks of securities in deficit countries. Therefore, money is sent by deficit countries to surplus countries in exchange of goods. Money goes back from surplus countries to deficit countries in exchange of a liability of the deficit country, clearing the balance of payments.
Prediction
If a well integrated monetary union becomes suddenly fragmented, deficit countries will not be able to roll-over their loans from core banks. It means that once the loans arrive at maturity, peripheral banks have to pay them off. The only way for the loans to be paid-off in the absence of other source of financing would be for deficit countries to manage a current account surplus (by macroeconomic identity). As this is not possible overnight, the banks will need to obtain the liquidity to repay core banks in some other way. In any case, this will result in one-way payment flows, i.e. TARGET2 imbalances. Banks in deficit countries finance these flows by borrowing more from their central bank. On the contrary, surplus countries banks will accumulate more reserves on their accounts at central banks. Countries subject to a deposit flight, as described above will have a TARGET2 liability. Countries recipients of funds, a TARGET2 asset. Contrary to what has sometimes been said in the literature, it is not obvious that TARGET2 imbalances depend on the liquidity policy of the central bank. In a fixed-rate full allotment regime, peripheral banks go the main refinancing operations to meet the deposit flight. In a limited liquidity setting, they could also use the marginal lending facility. The result would be the same as regards TARGET2 imbalances but peripheral banks would just pay a higher rate on their central bank borrowings. TARGET2 imbalances are impacted by the fixed-rate full allotment to the extent that the fixed-rate full allotment worsens fragmentation, as discussed in section 3. 24 There are some technical differences in practice between TARGET2 and F, as discussed in appendix VII. 
Predictions 3 and 4: the effect of fragmentation and absorption operations on liquidity
The main theoretical mechanism of the paper states that as F increases, liquidity should increase. The corresponding policy implication, is that absorption operations, in the context of fragmentation, can be effective in reducing liquidity even if banks can borrow as much as they wish from the central bank. These two assertions are tested now.
Methodology
In order to test predictions 3 and 4, equation (32) is used. Taking into account sterilization operations yields:
This condition states that the level of aggregate reserves banks have on their accounts at the central bank depends on the level of the deposit flight F, outright purchases made by the central bank in the core, the amount of currency in circulation in the core, minimum reserve requirements in the periphery and the size of sterilization operations. This relationship is an equilibrium condition taken from the model. Recall that without fragmentation, at equilibrium, aggregate reserves R should just be equal to minimum reserve requirements (as in equation (15)) and in this case most right-hand side variables should have no effect on reserves.
The general econometric specification reads as follow:
Subscripts t indicate the timing of the variables with respect to each other. The first differences of level variables are used in order to avoid unit roots. Two types of regression are run:
OLS and 2SLS.
The left-hand side variable, R is the total reserves of banks at the central bank. It is the sum of all Euros that can be used for overnight interbank loans, that are held on accounts of commercial banks at Eurosystem central banks measured after the payment system is closed. Perceived credit risk, independently of TARGET2 is controlled for, using spreads of Spanish and Italian 10-year government bonds vs Germany. This intends to check that TARGET2 captures only the deposit flight from periphery to the core and not some liquidity hoarding motive resulting from investor's fear of financial markets breakdown. This variable is called "Spreads". For both F t and "Spreads" a positive sign is expected. The coefficient of F should be close to one.
The size of sterilization operations, S t , is set by the central bank. If the theoretical model is correct, its coefficient will be negative (and close to minus one). If the mechanism described above is not at work, the coefficient will be zero (i.e. liquidity absorbed by the central bank pushes banks to borrow more resulting in a zero net effect). Sterilization operations respond in part to purchases by the central bank (which is controlled for) under the "Securities Markets
Programme" (ECB (2010)).
Assets purchases, O t , if the theory is correct should increase the amount of reserves. If the theory is wrong, it should have no effect (increased purchases injects liquidity pushing banks to borrow less from the central bank resulting in a zero net effect). "O" includes mostly assets purchased under the "Securities Markets Programme" (SMP) and the "Covered Purchases Programmes" (CBPPs). 25 These purchase programmes responded to tensions in financial markets, which is controlled for.
Notably, the 3-month EURIBOR-OIS spread is used to control for financial markets turmoil and to capture possible liquidity hoarding motives. "EURIBOR-OIS" measures the premium that banks charge to each other for a 3-month loans compared to an overnight loan. It should increase as bank feel unsecured and as they hoard liquidity (Acharya and Skeie (2011)). Its coefficient should be positive.
The level of reserve requirements, K t are changed by the Eurosystem once a month for large banks and quarterly for small ones. They are calculated as one percent of the "reserve base"
with a 3-month lag. The reserve base represents banks' short term liabilities as of 3 months before. Required reserves are remunerated by the central bank such that it is not profitable to change its reserve base (ECB (2013a)). Overall, K is quite stable and is likely to be taken as exogenous by banks. Its coefficient should be positive.
According to the model currency in circulation in the core C t when going up, should relieve core banks from some excess liquidity and therefore lower aggregate liquidity (negative coefficient). If on the other hand there is no fragmentation, increase in demand for currency is matched by higher recourse to central bank operations. Then the coefficient should be zero.
Currency in circulation is seen by central banks as an "autonomous factors", i.e. something taken as exogenous by central banks and banks.
Banks tend to hoard liquidity at the end of the year in order to embellish end-of-year statement to appear cash-rich (see Allen and Saunders (1992) or Bindseil et al. (2003) ). In order to capture this, "End-of-year" is a dummy variable, equal to one when the maintenance period goes over year-end and 0 otherwise.
Right-hand side variables can be considered exogenous. Controls are in place and there is no reason to think about reverse causality, except for TARGET2.
Some authors indeed argue that TARGET2 imbalances are created as a result of a balance sheet identity of the central banks (Whelan (2014) ). Rather, the present paper argues that TARGET2 imbalances arise purely from the deposit flight, itself triggered by factors that affect the left-hand side variable through TARGET2 and other controls. This paper strongly defends the view that TARGET2 imbalances are a sign of the deposit flight and trigger the use of central 25 The asset-backed securities purchases programme (ABSPP), started after the period covered by the data.
bank operations and not the opposite, i.e. TARGET2 are exogenous in the regressions. As a robustness check, it is useful to find an instrument for TARGET2 that would not depend directly on the balance sheet of the central bank. Therefore, a two-stage least square procedure is used.
In the first step, the instrument is used to estimate TARGET2 imbalances.
The phenomenon that this instrument should capture, is the case where an agent (irrespective of her nationality), actively moves her money from a euro-area peripheral country to the core. For this purpose, an indicator of cross-border lending is constructed. This indicator is equal to all securities held by banks located in countries with a consistent TARGET2 asset through the crisis (namely Germany, Netherlands, Luxembourg and Finland, see figure The five first variables involve Eurosystem's passive or active participation. Therefore, they are unlikely to be subject to any kind of measurement errors.
An empirical challenge is that except for cross-border lending, these variables are not available on a country per country basis. Theoretically, this does not matter for S or for R as the variations of these series should come from the core exclusively. For O, C and K, this is more problematic because only the share of these variables that applies to core countries should explain the left-hand side variable. If the movements of these variables is positively correlated between core and peripheral countries (e.g. demand for currency goes up in the core and the periphery at the same time), this would just results in the coefficients to be driven toward zero, but they should still be significant. If these variables are not correlated, this could result in the coefficients to be insignificant. There is no reason to believe that the variables should be negatively correlated across the monetary union.
Except from currency in circulation, other items affect the aggregate liquidity position of the banking system without being directly related to bank's borrowings. These items are called "autonomous factors". Autonomous factors are classified in four categories: Currency in circulation, Net foreign asset of the central bank, government deposits and other autonomous factors (ECB (2002)). For consistency, one may wish to include them all together. However, only currency in circulation and Net foreign assets are included in the regressions (as "C").
Government deposits at the central bank and other autonomous factors are not included because they are likely to affect peripheral countries relatively more than core countries. Indeed, looking at the balance sheet of central banks, it seems that by far the largest and most volatile government deposits are in Italy. Other autonomous factors include the Emergency Liquidity Assistance (ELA), which should arguably be granted to distressed banks exclusively.
The indicator on cross-border lending is made of country per country data. The quality of these data is ensured by the fact that they are used by the Eurosystem to compute a crucial economic indicator: M3. Therefore, non-reporting or non-compliant banks are fined.
Sovereign spreads and EURIBOR-OIS computed using daily end-of-day data from Bloomberg. Standard deviations in parenthesis * p < 0.10, ** p < 0.05, *** p < 0.01 Standard deviations in parenthesis * p < 0.10, ** p < 0.05, *** p < 0.01
Results
As one can see from tables 1 and 2, all significant coefficients have the expected sign and expected magnitude. Durbin-Watson and endogeneity tests are conclusive. Deposit flight (F) is always positive, significant and close to one. Sterilization operations (S ) are always significant, correctly signed and close to minus one (as theory predicts).
Currency in circulation in the core (C), minimum reserve requirements in the periphery (K), and outright purchases in the core (O) have the expected signs (except for O in the first 2SLS regression) but are not significant (except for C in the second 2SLS regression). This comes likely from the imperfect proxies used (total value instead of country-per-country).
"Spreads" is not significant showing that it is not the stress on financial markets that drives the results, but rather that fragmentation, proxied by TARGET2, is key to understand liquidity in the Euro-Area.
Note at last the significant and large (around EUR 60 bn) End-of-year effect. Also, there is a role in the sample for liquidity hoarding or precautionary demand of liquidity to the central bank, as the 3-month EURIBOR-OIS spread is strongly significant and large.
These results are all extremely supportive of the theoretical model laid out above.
Conclusion
This paper shows how fragmentation disrupts monetary policy implementation. It explains how excess liquidity arises endogenously in the banking system and causes the short term interest rate to fluctuate beyond the control of the central bank.
When perceived credit risk between banks is elevated, the central bank by providing large amount of liquidity at favorable conditions, prevents financing costs to diverge substantially between countries. By doing so, it also discourage interbank market activity and increases fragmentation. In this sense, it faces a trade-off between reducing fragmentation and preventing financial conditions to diverge across the monetary union.
Asset purchases can help to steer the interbank rate toward the deposit facility rate. However, some of the liquidity injected via purchases will be offset by banks, which will borrow less to the central bank. Therefore, the central bank needs to purchase a large amount of assets (larger than the liquidity needs of the banking system). This is an often overlooked channel by which the Quantitative Easing of the ECB can lower interest rates.
On the other hand, using absorption operations can be an effective way to reduce excess liquidity and stabilize the interbank rate.
The model has incidentally shown that even if the central bank provides liquidity under (the main rate) than core banks (the interbank rate). The gap can be closed using liquidity absorbing operations.
The model also shows that TARGET2 imbalances are a concrete manifestation of fragmentation and could also arise under stricter liquidity policy from the central bank.
Empirical evidence supports the theoretical mechanism described in the paper.
This mechanism is extremely general and could apply to any currency area that is financially fragmented.
the currency in circulation ("C"). Using the fact that all assets must equal liabilities means that:
It implies that:
This shows that D, which represent the net amount of deposits from the non-banking sector "net"of the loans made, is fixed and determined by the central bank as it can adjust the amount of outright purchases if it sees an increase in currency (which is completely determined by the demand of the public). The gross amounts of loans and deposits is not addressed in the model but it should have no impact on the liquidity position of the banking sector or on any item of interest in this model.
It can seem surprising that deposits are fixed. When a bank grants a loan, it credits the funds on the account of the borrower, which are usually held at the same bank. Therefore, a bank granting a loan usually gains the required deposits at the same time (no change in "D i ").
If the funds are spent by the borrower and assuming the recipients of the funds have not an account with the bank originally granting the loan, the banks will see its net deposits go down (lower D i ). If the funds are withdrawn from the bank in exchange for currency, the central bank will need to provide the banking sector with more funds (increase in M i and C i ). If they are not exchanged for currency, it means that another bank "j" will experience an inflow of funds (and thus an increase in "D j " and R j above required reserves). Hence, the aggregate amount of deposits does not change if the amount of currency does not change.
To the extent that the interbank market functions well, the bank that has suffered from an outflow will be able to recover this liquidity via the interbank market, given that at least another bank has a liquidity surplus.
In a symmetric equilibrium this would never happen and either borrowers deposits all the funds at the bank from which they borrow or they exchange it for currency.
What can have an effect on the equilibrium is asymmetry. This happens when D i D j . In the case of a symmetric equilibrium, it had to be the case that all variables for a given banks were all equal to the average (since there is a mass one of banks, the average is equal to the competitive, this should not change anything to the interbank rate or liquidity that are the two main object of interest of this paper. 28 This would just be a reallocation. For instance, a bank that is structurally taking more deposits than its peers (D i > D) would be a structural lender on the interbank market (B i < B). If it remunerates these deposits at the same rate as interbank loans, this should not be a first order change to profits either and would therefore not enter into the maximization problem of a risk-neutral bank.
The fact that the deposit bases are not symmetric really matters when the interbank market is unable to relocate efficiently liquidity. This case is already addressed in the paper when the banking sector is fragmented, it would be equivalent to:
Bianchi and Bigio (2014) assume that granting a loan (and taking the resulting deposit)
increases liquidity risk (the probability of losing deposits). This case is beyond the scope of this paper, but it would not change the results, if the interbank market remains competitive in the core and if peripheral banks have unlimited access to central bank funding.
Appendix III: Asymmetric corridor
Let r M be anywhere between the interest rates of the two standing facilities:
Where 1 ≥ α ≥ 0. Then, (12) can be rewritten:
Excess liquidity is given by:
It is strictly positive whenever the main rate is strictly closer from the deposit facility rate 28 Several papers address the case where large lenders/borrowers of funds have market power in the interbank market, for instance Bech and Klee (2011) or Afonso and Lagos (2015) . Such frictions would not change the results of the present paper. than the marginal lending facility rate (α > 0.5).
Since its creation, the ECB has left its main interest rate most of the time in the middle of the corridor (α = 0.5). In this case, assuming that G(.) is the cumulative distribution function of a symmetric distribution around zero, excess liquidity should be zero. However, from November 2013 to June 2014 the corridor was asymmetric, with r r = 0, r M = 0.25% and r X = 0.75%.
(40) implies that during this period the ECB triggered some excess liquidity because of its asymmetric corridor. This phenomenon is independent of fragmentation.
Proposition 5: In a fixed-rate full allotment regime, an asymmetric corridor can trigger excess liquidity. This excess liquidity cannot be sterilized.
Appendix IV: International Investment Positions and Fragmentation
If a well-integrated monetary union becomes suddenly fragmented, deficit countries will not be able to roll-over their loans from core banks. It means that once the loans arrive at maturity, peripheral banks have to pay them off, i.e. they have to send a certain amount of liquidity ("F") back to core banks. The only way for the loans to be paid-off in the absence of other sources of financing would be for deficit countries to manage a current account surplus (by macroeconomic identity). As this is not possible overnight, the banks will need to obtain the liquidity to repay core banks in some other way. Deficit countries' banks borrow from the central bank to repay surplus countries' banks. The fact that the interbank market became inaccessible for peripheral banks at a time when they had a large net liability toward core banks is further documented in this appendix. It shows that indeed core countries (Germany, Netherlands, Luxembourg and Finland) had a substantial net creditor position (positive net IIP) toward the rest of the world. Except for portfolios investment, they have a creditor position in all types of investments. Peripheral countries (Portugal, Italy, Greece and Spain) on the other hand had accumulated a net external liability before the outbreak of the crisis. This is the result of past accumulated current account imbalances. Interbank loans appear in the category "other investments". 29 "Other investments" from core banks indeed, seem to have stopped with the crisis (Graph 1). Most of the money lent abroad by banks before the crisis seems to have been switched to deposit accounts at the central bank, as suggested by the substantial increase of TARGET2 imbalances, which is also classified as "other investments". 30 Looking at interbank loan volumes (not displayed here), also suggest that core-periphery interbank loans dried up, in the wake of the crisis.
In both core and periphery, net "other investments" excluding TARGET2 balances almost completely vanished (Figures 7 and 8 ). Portfolio investments also probably played a role in the capital reversal between core and periphery. Indeed, TARGET2 deficits rose in the periphery also at the expense of its portfolio investments liability. As a mirror image, the TARGET2 surplus of core countries seems to be related to the decrease of "other investments" positions but also to the increase of the liability in portfolios investments. This should not come as a complete surprise, since short term bank securities and interbank borrowings are close substitutes. The former appears in "portfolio investment" and the latter in "other investments". 31 Still "other investments" seems to have played a larger role.
Recall that a TARGET2 liability means that there is more money transferred out of the country than in the country. This is a sign per se that banks have difficulties to attract liquidity below the central bank rate (i.e. it shows fragmentation). The total international investment liability position of a country gives the limit to how much TARGET2 liabilities can rise. 29 See IMF Balance of payments manual 6. 30 Similar conclusions are reached by Auer (2014) using accumulated current account and financial flows. This appendix rather uses international investment positions, because the relevant concept is the total liability positions and not recent borrowings. Moreover, IIP statistics offer some advantages over international flow figures (see for instance Curcuru et al. (2008) for the US case). 31 Theoretically, the stock of borrowings that makes up F, can be direct interbank borrowings (e.g. borrowings of Alpha bank from Deutsche bank) or indirect (e.g. a German savers investing its money into a British pension fund, which in turns invests in the Greek corporate bond market). The only relevant aspect is that as the crisis breaks, the peripheral banking system suffers from withdrawals of private capital in Euros, while the core banks experience a net capital inflow (also in Euros). These flows create a liquidity shortage for the Greek banking system and a surplus for the German banking system whether in come in forms of loans, deposits or securities. The counterparties do not matter as non-bank agents have anyway to store their liquidity with their banks, which in turn store it at the central bank.
Appendix V: Graphical representation of the demand for liquidity at the central bank Diagram 3 below is a graphical representation of the theoretical mechanism described in the paper. When F is small, peripheral and core banks ask just enough liquidity to fulfill their liquidity needs (reserve requirements, etc.). As F increases peripheral banks ask more and more liquidity, and if F is small (below the critical level K C + C C − O C ) core banks ask less and less.
At some point (when F is higher than the critical level) core banks ask zero to the central bank and the increase in F triggers excess liquidity because the increase in the demand of peripheral banks (vertical distance between the zero line and the upward slopping line) is not matched by a decrease in the demand by core banks.
Diagram 3: The demand of refinancing of core and peripheral banks.
Borrowings from CB (M)
Appendix VI: Underbidding at sterilization operations If the sterilization operations are too large but fragmentation is large enough, such that core banks borrow nothing from the central bank (case where K C − O C + C C < F < K C − O C + C C + S ), there will be "underbidding". Underbidding is defined as the situation were banks deposit/demand less liquidity than what the central bank demands/offers, for instance, at sterilization operations. Core banks will only deposit up to: S = F − (K C − O C + C C ). This brings excess liquidity close to zero and the interbank rate close to the main interest rate. In essence, core banks just deposit their surplus of liquidity (the difference between F and their liquidity needs) and keep the rest to satisfy their liquidity needs. Underbidding is the difference between the amount the central bank intends to absorb, S and the amount actually absorbed S. The model therefore suggests that there will be underbidding as fragmentation decreases and the interbank rate approaches the main rate.
Appendix VII: TARGET2 technical appendix
There are two things that differentiate F from TARGET2 imbalances.
First, some capital movements from one country to the other are not recorded in TARGET2.
Indeed some capital movements can occur through the use of banknotes. Such movements can be substantial and turn countries with apparent deposit flight into capital recipients (see Handig et al. (2012) ).
Also, there are some transactions in the TARGET2 payment system that do not correspond to capital movements. This second point has not been noted in the literature. For instance, the use of swap lines with foreign central banks triggers accounting transactions between central banks and will appear in TARGET2 while actually not a euro has moved within the monetary union. The Eurosystem lent US Dollars to its banks during the crisis. In order to finance such loans, it has made swaps with the Fed, swapping Dollars against Euros. The ECB was receiving the Dollars while it was national central banks lending Dollars to their banks. Therefore, the ECB lent Dollars to national central banks against a TARGET2 claim. National central banks would then see a TARGET2 liability appear on their balance sheets. This probably deteriorated the TARGET2 position of some national central banks during the crisis, in particular those that extensively lent Dollars to their banks. Ideally, one should correct for these two data issues before using TARGET2 imbalances. Unfortunately, the data series needed to make such adjustment are not publicly available. There are wedges between the two rates at several points in time. This can come from the fact that some banks that are safe enough to participate to the EONIA interbank market have to pay a risk premium when they borrow, while in the model it is assumed that all banks participating to the interbank market were perceived risk-less.
